A survey was conducted to investigate the standard of care for multiple myeloma in Germany, in order to clarify the status of implementation of international and national treatment guidelines. In addition, the changes in disease management over time were investigated by comparison with surveys conducted in 2008 and 2009. The survey captured a representative sample of 478 myeloma patients with a mean age of 67.9 years across various stages of the disease. Diagnostic approaches, prognostic aspects and treatment decisions were evaluated based on a survey conducted in 2011 in 58 representative centres in Germany, including university and non-university hospitals and office-based haematologists. Data were collected from chart reviews and were analysed retrospectively. Over time, an increasing number of patients were investigated for cytogenetic abnormalities (53%). Age <69 years and lack of comorbid conditions were major determinants for cytogenetic testing. Bortezomib/chemotherapy-based regimens have become the preferred first-line treatments independent of planning autologous blood stem cell transplantation (ASCT) in first-line therapy. Thalidomide-and lenalidomide-based combination therapies are typically used as second-line treatments in 31% of patients. Compared with previous reviews, the frequency of ASCT was stable, at ~30% of patients. Younger age and indicators of more severe disease, such as the presence of CRAB criteria, influenced the decision in favour of performing ASCT. Compared to previous surveys, the requirement for erythropoietin and granulocyte colony-stimulating factor, as well as transfusions of red blood cells and platelets, respectively, have decreased considerably. In summary, novel agents have led to a substantial change in the first-line and relapsed treatment approaches. Age and comorbidities remain major factors influencing treatment decisions, but cytogenetic testing to investigate myeloma-related risk profiles is increasingly integrated. The use of novel agents has affected supportive care, with reduced necessity for substitute blood products and reduced administration of bone marrow-stimulating factors.
Introduction
Treatment of symptomatic multiple myeloma has significantly improved progression-free and overall survival times over the past 20 years, with the introduction of autologous blood stem cell transplantation (ASCT) in the early 1990s and subsequently the approval of proteasome-inhibitors and immunomodulatory drugs (IMiDs) (1) (2) (3) .
The 5-year overall survival rate has increased from 35% for the years of 1999-2001, to 44% for the years of 2006-2009. In particular, the survival of patients aged <50 years has significantly improved, with 10-year survival rates increasing from 25 to 41% (4, 5) .
These improvements in survival are not based on a single agent or single treatment strategy, but rather on the selection of sequential regimens and design of combination therapies. Prognostic tests have been developed simultaneously with the integration of novel agents into the treatment algorithms. In particular, molecular markers have been identified that may support treatment decisions (6) .
The optimal integration of novel agents and the future development of effective combination therapies is a major goal in myeloma research. Several sets of guidelines have been published and revised over time that outline recommendations for first-line therapy, but also for relapsed and refractory patients (2, 3, 7, 8) . Importantly, current treatment recommendations and guidelines integrate prognostic factors into the treatment decisions (7) . Nonetheless, myeloma treatment still requires additional improvement, as many patients suffer from treatment-related complications and ultimately will succumb to disease progression. The present survey was conducted with the goal of investigating whether recent international treatment guidelines were applied to the routine diagnostic work-up of myeloma patients and were used for treatment decisions. The matter of how the diagnostic and treatment decisions have changed over time was also examined by comparison with previously published surveys (9) .
The current study sought to provide information on real-world treatment and diagnostic decisions to support information on which regimen and treatment pathways are currently favoured by clinicians, and which regimen could be the basis for the future development of myeloma care.
Patients and methods

Study design.
The goal of the current study was to analyse the pattern of multiple myeloma management in clinical practice. The analysis was based on an epidemiological database (TherapyMonitor compiled by OncologyInformationService, Freiburg, Germany), comprising 478 patients from 58 centres in Germany, namely 10 university hospitals, 27 community hospitals, and 21 office-based haematologists, with a treatment decision made for multiple myeloma in the 1st-2nd quarter of 2011. This constitutes a representative statistical sample regarding the distribution of treated patients with multiple myeloma ('treated prevalence').
Selection of the centres was based on a two-step procedure. A total of 817 centres involved in the treatment of multiple myeloma, including university hospitals (n=36), community hospitals (n=355) and office-based haematologists (n=426), were contacted, and 15% of centres responded to provide their number of multiple myeloma patients (corresponding to 13% of the expected national prevalence). Based on this information, the distribution of multiple myeloma patients across the three main care providers was determined as follows: university hospitals, 20%; community hospitals, 40%; and office-based haematologists, 40%. The total patient sample (n=500) eligible for analysis after the quality check (n=478) was defined by taking into account the treated prevalence per type of institution, the regional population density and health care structure. Reporting centres were selected randomly among the responders according to the date of response to the mailing. In the second step, demographic and clinical data were collected retrospectively in an online case report based on data in the clinical files. Patients who met the following criteria were included: Therapeutic decision (start, change, or end of therapy) between January and June 2011. Data was verified by central monitoring.
Demographics and clinical data. Patients' baseline characteristics [demographics, medical history, including comorbidity status, and multiple myeloma stage at initial diagnosis according to Durie-Salmon staging (10) ] and clinical data were retrospectively extracted from chart reviews. All variables were reported by the treating physician and pseudonymised according to the available information in the patient chart. The online and external monitoring systems assessed the plausibility and completeness of the data. To descriptively assess the diagnostic, prognostic and treatment patterns according to age, information on cytogenetic testing (yes/no, results), and treatment (including its objective and reasons for starting therapy) was analysed for all patients. Patient characteristics are displayed in Table I .
Statistical analysis. Data presented in this article were analysed using descriptive and explorative methods. Diagnostic and treatment patterns were reported as absolute and relative frequencies.
For exploratory analyses, subgroup comparisons as well as bivariate analysis were performed. Differences in treatment patterns between subgroups and predictive factors were analysed using χ 2 and Fisher's exact tests. All P-values are given as two-sided values, and P<0.05 was considered to indicate a statistically significant difference. SPSS software, version 20 (IBM SPSS, Armonk, NY, USA) was used for analysis.
Results
Baseline diagnostics, prognostic laboratory tests and patient characteristics. The patient data reflected a representative multiple myeloma population, with a mean age of 67.9 years and a balanced distribution across the participating institutions. Patient characteristics are summarised in Table I .
Leading symptoms (largely unchanged over time) at diagnosis were non-specific (see summary in Fig. 1 ), as expected: Fatigue (47%), bone pain (39%), weakness (40%) and decreased performance (41%) were the most common.
The majority of patients (79%) were in Durie-Salmon stage II and III at time of initial diagnosis. The concomitant disease spectrum was headed by renal insufficiency (23%) and arterial hypertension (36%). Importantly, the percentage of preexisting polyneuropathy was 5%, and an additional 5% of patients had a psychiatric diagnosis, predominantly depression. The percentage of patients with malignant disease in their medical history has decreased over time, from 15% (2008), to 8% (2009), to 5% (2011).
A trend for a lower burden of disease at first diagnosis was observed, as 21% of patients were in Durie-Salmon stage I/II in 2011, whereas only 11% and 17% were in Durie-Salmon stages I/II in 2009 and 2008, respectively. Notably, the percentage of patients requiring systemic treatment in Durie-Salmon stage I/II did not increase, but rather decreased ( Fig. 2A and B) .
The acceptance of the International Staging System (ISS) (11) as a key prognostic factor was confirmed, as 75% of patients received a classification according to ISS in the current study, whereas <20% had an ISS classification in the 2009 survey.
Compared with the previous survey, the acceptance of cytogenetic testing has increased from 23% in 2008 (9) and 35% in 2009, to 53% in the current analysis across the institutional segments.
The decision tree method was used to identify the factors with major impacts on the choice of cytogenetic testing at initial diagnosis of multiple myeloma. In the group of patients without β 2 -microglobulin (β 2 -MG) assessment and aged >69 years, only 16% of patients underwent cytogenetic testing. By contrast, 94% patients in stage II without a concomitant disease received cytogenetic testing if a β 2 -MG assessment was performed. In summary, β 2 -MG and cytogenetic tests were often performed simultaneously or not performed at all.
Treatment within clinical trials. Overall, 5% of patients received first-line treatment within clinical studies. University hospitals were leading with 11% of patients enrolled into clinical studies, while non-university hospitals and office-based haematologists recruited 4% of their first-line patients for clinical trials.
A total of 33% (155 of 475) of reported patients were considered eligible for ASCT following high-dose chemotherapy (Fig. 3A) . Only 47% of this eligible population (representing 19% of the survey population) actually received ASCT as part of the first-line treatment. Another 8% of patients received ASCT procedure in relapse, leading to total of 27% of patients treated with ASCT. Only a minority of ASCT-candidates received tandem ASCT (2% of total patients, 6% of ASCT candidates). There was no obvious change in the ASCT treatment pattern; in the previous survey, a similar percentage of patients was treated with this approach (9) .
First-line treatment. The median age at the time of the front-line treatment decision was 69 years in the current survey, and 42% of patients were aged >70 years. A minority of patients >65 years of age were considered for ASCT (66-70 years, 29%; >70 years, 5%). As expected, age was the most significant factor (P<0.001) influencing the decision for ASCT in the front-line setting (Fig. 3B) . The decision matrix for patients above and below 69 years of age was investigated using a univariate logistical regression analysis. For elderly patients (aged >69 years), more advanced Durie-Salmon stage, presence of CRAB criteria (3), and presence of bone lesions were identified as factors that influenced the decision in favour of ASCT (Fig. 4A) . Similarly, in the younger patient 
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population (aged <69 years), more severe disease (defined by CRAB criteria) (P=0.005) or diagnosis of bone lesions (P<0.001) influenced the decision in favour of conducting ASCT (Fig. 4B) . The decision regarding ASCT as a possible treatment option influenced the choice of chemotherapy regimen for tumour mass reduction (Fig. 5) . Nevertheless, ~60% of patients considered not to be an ASCT candidate received a bortezomib regimen. Despite the great variety, bortezomib-containing regimens were most frequently used in the non-intensive group (those not treated by high-dose melphalan and ASCT). Bortezomib in combination with chemotherapy was administered in 60% of patients (Fig. 5) ; chemotherapy combination partners were cyclophosphamide, doxorubicin (Adriamycin), melphalan and bendamustine. Bortezomib single-agent therapy was only used for 3% of the patients. Therapy with IMiDs or IMiD-combination therapies were applied in 18% of patients that were not planned for ASCT. Only a minority (24%) of 
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patients received a bortezomib/IMiD-free single-agent or chemo/steroid combination therapy. Melphalan (9%) or bendamustine (8%) were the most commonly used chemotherapies (as single agents) used in combination with corticosteroids in the current survey. Only a small percentage of patients were treated with Adriamycin-containing combinations (4%) or steroid monotherapy (1%) (Fig. 5) .
The vast majority (83%) of patients who were scheduled for ASCT were treated in the induction phase with bortezomib-based combination therapies (Fig. 5) . The most frequently used bortezomib containing regimens were bortezomib+ Adriamycin+ dexamethasone (42%), bortezomib+ cyclophosphamide+ dexamethasone (31%) and bortezomib+ thalidomide+ prednisolone (10%).
Among patients treated with ASCT, consolidation therapy was performed in 2% and maintenance therapy was performed in 24% of patients. Maintenance therapy was conducted within a clinical study in 38%. The following medications were used for maintenance therapy with decreasing frequency: Thalidomide, lenalidomide and bortezomib. A small percentage (5%) of patients received additional prednisone; however, the majority of patients were treated with a single-agent approach in the maintenance therapy period.
There was a remarkable shift in the treatment of first-line patients during 2008-2011. The change in the first-line treatment strategy over time is outlined in Fig. 6 . As described, bortezomib combinations have predominantly substituted all traditional novel-agent-free chemotherapy regimens, such as melphalan+prednisone and vincristin+Adriamycin+dexamet hasone. Currently, the IMiDs thalidomide and lenalidomide serve a remarkably constant, but substantially smaller, role in first-line treatment.
Impact of concomitant disease, particularly renal impairment, on treatment decisions.
In the current survey, 16% of patients in the first-line setting suffered from renal impairment (Fig. 7A) . For a majority of patients (63%), no renal impairment and only one concomitant disease was reported, and multimorbidity without renal impairment was reported in 21% of patients. The analysis of treatment patterns in these three patient subgroups revealed a significant (P<0.001) impact of the morbidity on the treatment pattern. While 27% of patients with ≤1 concomitant disease were treated with ASCT, <10% of patients with renal impairment or with ≥2 concomitant diseases received ASCT (Fig. 7B) .
As indicated in Fig. 8 , the agents used for the treatment of patients with renal impairment are similar to the agents used for first-line treatment in patients with normal renal function (P=0.097).
Therapy in first relapse. Fig. 9 indicates the treatment approach selected for first-relapse. Since bortezomib was approved (in 2008) and adopted rapidly in the first-line treatment setting, the number of patients treated with bortezomib in the second-line setting decreased. A substantial increase in IMiD-containing, and particularly lenalidomide-containing, regimens was observed. A switch from bortezomib in the first-line to lenalidomide was performed, in particular, for patients in whom the response duration to the bortezomib first-line regimen was <6 months. Overall, therapy with lenalidomide and, to a smaller extent, thalidomide has become an important aspect of treatment for relapsed disease. Melphalan+corticosteroid regimens have almost disappeared from second-line treatment.
Supportive therapy. As expected, >90% of patients received at least some form of supportive care with first-line treatment. As indicated in Fig. 10 , treatment with bisphosphonates was the leading supportive care therapy. There appears to be a declining necessity for additional supportive therapy since 2008 (Fig. 10) ; in particular, there is a trend for reduced use of erythropoietin-stimulating agents (ESAs), granulocyte colony-stimulating factor (G-CSF) and substitution of red blood cells and platelets, respectively. ESA use was reduced by 90%, while G-CSF, red blood cell and platelet transfusions were reduced by 50%. 
Discussion
The current analysis of data regarding multiple myeloma patients provides information on real-world treatment and diagnostic decisions to clarify the information on which regimen and treatment pathways are currently favoured by clinicians and on which regimen could be the basis for the future development of myeloma care.
The patient population was very comparable between the surveys with regard to participating institutions, covering office-based haemato-oncologists, non-academic hospitals and university hospitals. Age range, and the percentages of patients in each Durie-Salmon stage and asymptomatic patients, were comparable across the participating institutions. There are four major findings from the current study:
Firstly, there was a clear increase of cytogenetic assessment, from 22% of patients analysed in the 2008 survey, to 53% of patients in the current survey. The cytogenetic risk profile as well as the β 2 -MG level can be demonstrated to be integrated into the treatment decisions (12) . As age and comorbidity are the most important factors for selection of treatment regimen, elderly patients (aged >69 years) with reduced performance status had the lowest frequency for cytogenetic testing. Thus, treating physicians demonstrated great consideration towards resource utilisation in the diagnostic setting. 
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Secondly, bortezomib-based regimens have become the standard of care for first-line therapy for German myeloma patients, regardless of whether the patients are eligible for ASCT, or are treated in a university hospital or community-based centre. ASCT for eligible patients is still recognised as an essential component of therapy. Although novel agents substantially improved the outcome of first-line therapy, the use of ASCT has not declined over the past years. Importantly, despite data showing that overall survival does not differ comparing upfront and delayed ASCT (13), the following arguments still favour ASCT for eligible patients: The long treatment-free interval, the high quality of life following ASCT, and the possibility for long-term disease-free survival beyond 14 years (14) . In consequence, only 8% of patients in the current survey received a delayed ASCT procedure (13, 15) . The concept of upfront ASCT was recently validated by Palumbo et al (16) in a randomised phase III study that demonstrated the advantage of front-line ASCT compared to therapy with a novel agent-containing regimen. The present survey also indicates that the decision for ASCT is based on various factors, including age and myeloma-induced organ dysfunction; this is unexpected, as most guidelines indicate the decision for ASCT as an age-dependent decision, but one independent of myeloma-related disease (17) .
Maintenance treatment was used in 24% of patients subsequent to ASCT, and in 38% of patients within a clinical study. Several clinical studies suggest that maintenance therapy improves progression-free survival and overall survival times, despite some remaining concern regarding the rate of secondary malignancy in patients undergoing long-term IMiD treatment (18) (19) (20) (21) . Overall, we conclude that it is becoming a broader consensus in the community to focus on improving the response quality and using maintenance treatment as part of this strategy.
The third important finding from the current study is that the use/switch of novel agents for relapsed disease is in line with international standards (2) . For patients relapsing within 6 months after primary therapy, lenalidomide is the most commonly applied agent; whereas, in patients with prolonged remission after primary therapy, re-treatment with bortezomib is a considered a valid option. Furthermore, thalidomide appeared to be used more frequently in community-based offices as third-line treatment as compared with university hospitals. This finding may reflect cost considerations, taking into account the expensiveness of lenalidomide. Although it has been demonstrated that autologous re-transplantation is suitable for patients with sustained remission following initial ASCT (22) , the current survey indicates that this has only a marginal relevance in general practice. The same holds true for allogeneic transplantation in relapsed disease.
The fourth major finding was that the general need for supportive care in addition to bisphosphonates declined in the last years. We hypothesise that the improved treatment outcomes reduced the requirement for supportive care such as pain relief and haematopoietic growth factors. It is also likely that the use of IMiDs, which have an erythrocyte-stimulating side effect, contributed to this. As economical discussions will go on, it is important to integrate assessment of quality of life and individual work performance into phase III and IIIb/IV clinical studies (8) .
With the aforementioned measures, care was taken to counteract the potential limitations of the data collection approach in the current study. The consistency of some of the key parameters, such as patient characteristics, across the treatment survey indicates that the presented data are robust. In addition, response data was not presented in this data analysis, as this information would be largely unreliable and a topic for prospective clinical studies.
In conclusion, the current study demonstrates a significant modification of treatment patterns for elderly and younger multiple myeloma patients based on the findings of international studies, indicating a rapid adoption of clinical study results into clinical practice. The survey also indicates that four-drug combinations in first-line treatment are not well established.
